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K BOITPOCY INTPUMEHEHUSA BO3YITIHOI'O TEIIVIOHACOCHOI'O HUKJIA
BPAVITOHA JJISI CACTEM TEILTOXJIAJJOCHABXEHWUS CTAHIIUIA
METPOITIOJIMTEHOB

Paccmompenst 6onpocwl peanuzayuu cxemMHvIX peuileHull cucmem Mmenioxaa00CHAOHCEHUs.
CMAaHyuti. Mempononumena Ha 06aze 6030YUIHO-KOMAPECCUOHHBIX MENJIOHACOCHBIX U XOIOOUNbHBIX
yemanogok. Ilposedena onmumusayus napamempog odbpammoz2o yuxia bpatimona ¢ yuemom
02PaHUYeHUll CBA3AHHBIX C MEMNePamypHbIMU PeXCUMAMU CUCMEMbl MOHHETbHOU GeHMUAYUU
CManyuu.

Pozensanymi numannus wooo peanizayii cxemHux piuienb cucmem menioxaao0onoCmaiants
cmanyii Mempononimery Ha 0a3i NOBIMPSAHO-KOMNPECIUHUX MENIOHACOCHUX MAa XON0OUTbHUX
yemanogok. Ilpogedeno onmumizayiio napamempis 360pomno20 yukay bpatimona 3 ypaxyeanuam
00OMedHceHb WO NO8 A3AHI 3 MeMNePamypHUMU PEXCUMAMU MYHeNbHOI 6eHMUNAYIL cmaHyii.

Beenenue

B Hacrosee BpeMst Ipu NPOEKTUPOBAHUN U CTPOUTENIBCTBE HOBBIX CTAHIIUI METPOIOIUTEHA
TPaTUIIMOHHO TPEAYCMOTPEHO COOPY)KEHHE pa3AeibHO (DYHKIMOHUPYIOUIMX CHCTEM O0ECTIeYEeHHUs
MUKpPOKJIMMAaTa (OTOIUIEHUS, BEHTWISALMM, KOHAWIIMOHUPOBAHUS), YTO HPHUBOAUT K BBICOKOMY
SHEPronoTPeOICHUIO CTAaHIIMM 1 3aBBIIIEHUIO B IPOEKTAaX HOBBIX CTAHIIMI CTOMMOCTHBIX [TOKa3aTesen
ATHX cucTeM. MeX Iy TEeM U3BECTHO, UTO IKCITyaTalls BHY TPEHHETO TEXHOJIOTHIECKOT0 000PY/IOBAHHUS
MOJ3eMHBIX coopyxkeHuit merpornonureHa (IICM) compsikeHa ¢ oOpa3oBaHUEM 3HAYUTEIBHBIX
TEIUIOM30bITKOB, YTHIM3AIUS KOTOPBIX TPAJUIIMOHHBIMH METOAAMHU 3a4acTyl0 HepalMoHaIbHA
BBHJIy X HHU3KOTO TeMIIEpaTypHOro ypoBHs. Kpome Toro, (hakTHUecKH He MCIIONb3yeTCsl TeIIOBON
MIOTEHI[MaJI, BMEIIAIOIIETO IMOA3EMHBIE COOPYKEHUSI, TPYHTOBOIO MaCCHBA.

EnVMHCTBEHHBIM Ha CETONHSIIHUN JI€Hb CPEICTBOM, CIIOCOOHBIM pallMOHAIBFHO MCIIOJIb30BaTh
pecypc cOpPOCHOW TEIUIOTHI TOHHEIBHONH BEHTWISIIMM W TEXHOJOTHUYECKOTo 00OpYIOBAaHHUS
CTaHLMH METPOIOJIUTEHA, MPeodpasys ee B TEIUIOTYy NMPUTOAHYIO JJIS TeIUIOCHAOKEHUS, SIBISIOTCS
terioHacocHsle ycranoBku (THY). Buenpenue B cuctemsl obecneuenus mukpokiumara [IICM THY
103BOJIUT (P (HEKTUBHO COBMEIIATh (PYHKIIMHA CUCTEM KOHIUITMOHUPOBAHUS M OTOTUICHUSI, 00ECTICYNB
IIPU 3TOM CHHKEHHE 00BEMOB IICHTPAIM30BAHHOTO TETIJIOCHAOKEHUS IJIsl TPOSKTUPYEMBIX CTAHIIHIA.
Co3nanue TakMX aJbTEPHATUBHBIX CHUCTEM MOTPEOyeT HEMaJbIX KAallUTaJbHBIX 3aTpaT, I0ATOMY HX
1€JIECO00PA3HOCTD JOJDKHA TEXHHUECKH M AIKOHOMHYECKH 00OCHOBBIBATHCS C YUETOM LIEJIOTO Psja
(bakTOpoB (KIMMATHYECKHX YCIIOBHH, apXHUTEKTYPHO-IIAaHUPOBOUYHBIX pemenuid [ICM, ycroBuit
AKCILTyaTalluy U T. 11.).

B cBsi3u ¢ 3THM, BOmpoc pa3pabOTKU HOBBIX CXEMHBIX PEIICHHH, METOIUK MPOEKTUPOBAHUS
U ONTHUMM3AINN TEIJIOHACOCHBIX cHCTeM TerutoxianocHabkenus [ICM ompenenseT akTyaabHOCTh
JTAHHOM paloTBHI.

AHaJIN3 JINTEPATyPhI H OCTAHOBKA 321a4M HCCJIC0BAHUS

OmnbiT BHeapenus THY ans teruiocHa®)xeHus: 00beKTOB METPOIIOINTEHA B YKpauHe U CTpaHax
CHI' cpaBuutensHo Hebombmioi. B 2000 r. corpymuukamu UTTO® HAHY Obuia paspaborana
U BHEApPEHA TEXHOJIOTHYECKas CXeMa YTUIM3alMKd HM30BITOYHOTO TEIJIOBBIIEICHUS MAIIUHHOTO
3aJIa 3CKAJIATOPOB IIPU IIOMOIUM OIBITHOW MapokoMmipeccuoHHo THY «Bo3myx — BO3myx»
TADIBAN “SKY-90”. B paGorax [1, 2] moka3aHo, 4TO HCIIOJb30BaHUE MapPOKOMIIPECCHOHHBIX
TEIUIOHACOCOHBIX YCTAHOBOK B CHCTEMaX MECTHOW BBITSHKHOM BEHTHIISILIMM 00€CIIEYMBAET 3aMETHBIN
a¢ ekt sHeprocoepekeHurs B Ipeienax OIHOM cTaHIiK. PacueTHas rooBasi S)KOHOMUS OT CHIDKEHUS
MOTPeOICHUST METPOTIOIMTEHOM SHEPTrUu OT TeIUIoceTH Ha ctaHimu «Maiinan HesamexHocTi» B
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. Kuese coctaBuna 17 Ty. 1. [1]. [lo npennoxeHHOM cxemMe BO3MOXKHO TOJIBKO YACTUYHOE MTOKPBITHE
TEIUIOBOM Harpy3Ku CTaHIIMOHHBIX COOpY)KeHUH MeTpornonuTeHa. Kak mpasuiio, nmotpeOutensmMu
TEIUIOTHI SIBJISIOTCS CIIy>)KeOHbIE TOMELIEHMSI, PACIIOI0KEHHBIE 10]1 T1aT(HOPMOil.

B Munckom MerpononuteHe ycraHosieHsl 22 THY oOmieit momuocteio 403 kBt. B kauectse
HCTOYHHMKA TEIJIOTHl HCIIOJIB3YIOTCS KaK BEHTUJISILIUOHHBIE BBIOPOCHI, TaK U CTOYHBIC BOJBI Ha
CTaHIIMM, a TAKXKE OTKaYMBaeMasi U3 TOHHEJIeH IpyHTOBas BOJa.

Cnenyer OTMETUTh, 4YTO TME€pPEUYEHb CXEM TEIUIOXJaJ0CHA0KEHUSI TIpU  [TOMOLIA
napokomMipeccuoHHbIX THY, peanu3zanus KOTOpbIX BO3MOXHA B YCIOBUSAX METPOIIOJINTEHA, BECbMa
orpanuueH [3]. [Ipex e Bcero, 3To CBA3aHO C UMEIOIIMMCS Ha CTAHLIUAX 00BEMOM U TEMIIEPATYyPHBIM
YPOBHEM HCXOJSIIMX BO3AYLIHBIX IOTOKOB COPOCHOW TEIJIOThI CHCTEM MECTHOM BEHTUJISLIMHU.
bonee mmpokue nepcrneKkTuBbl Uil BHEAPEHUS aJbTEPHATUBHBIX MCTOYHUKOB TEIIOBOM 3HEPIUU
packpblBalOTCS B Cllydyae YTWIM3alMM COPOCHOM TEIUIOTHI HCXOMSAIIMX ITOTOKOB TOHHEJIbHOU
BEHTWIAIIMHA, OCOOCHHO cTaHIui Tiyookoro 3anokeHus (18-30 m). C yderom TeriooOMeHa
TOHHEJILHOTO BO3/1yXa C TPYHTOBBIM MacCHBOM €T0 TEMIIEPATYPHBIA NOTEHIIMAN B XOJIOIHBIHN MEpPHO/
roma cocrasisieT B cpeaneM 14 °C mpu pacxone a0 80 m3/c [4]. 3mech yke MOKHO TOBOPUTH O
3HAYUTEIBHOM ITOKPBITUM TEIUIOBOW M HArpy3KH BCEW CTaHUMU 3a cueT Heckoiabkux THY, koTopeie
MOTYT 3KCIUTyaTHUpPOBAThCS IO Pa3HBIM CXEMaM.

Ha TemmeparypHblii ypoBeHb COpPOCHOTO BO3AyXa CHUCTEM BEHTWIALIUK METPOTIOIHUTEHA
OKa3bIBACT BIIMSHUE MHOKECTBO (PAKTOPOB, TAKMX KaK TITyOMHA 3a7I0KEHUS CTAHIINU, THTEHCUBHOCTh
JBUKEHUS TI0€3/10B, pa3Mep NacCcaKupoIlOTOKa, KIMMaTUYECKHUE YCIOBHs Ha TOBEPXHOCTH U T.1. [yid
CTaHIIMM, pacHoOJOXKEHHBIX B LIEHTPAJIbHBIX pallOHAaX ropoja M KOHLEBBIX ydacTKaX JUHHUI METpo
OHM MOTYT CYIIECTBEHHO OTJIMYAThCS, @ COOTBETCTBEHHO, Oy/ET pa3jMYHbIM M TeMIEepaTypHbIN
NOTEeHIIAT cCOPOCHOU TeTTOThL. FICTOUHMKOM HU3KOTIOTEHIIMAIBHOM TETUIOTHI SIBIISFOTCS H30BITOUHBIE
IIMKOBBIE TETIOBBIJICICHHUS, BO3HUKAIOIINE MPH padoTe MOIBUKHOTO COCTABa, BHIIPSIMUTEIBLHBIX U
pacnpenenuTeNbHBIX YCTPOMCTB aKKyMYISTOPHBIX KaOeIbHBIX KOJIJIEKTOPOB, TATOBO-TIOHU3UTEIBHBIX
U TIOHU3UTENBHBIX 3JekTponoAcTaniuii. Buenpenue THY nenecooOpa3Ho, B mepByto ouepesib, HA
CTaHIUSIX UMEIOLIUX 3HAYUTEIbHBIE PACXOAHBIE U TEIIOBIAXKHOCTHBIE XapaKTEPUCTUKH BBITSKHOTO
BEHTHISIIUOHHOTO BO3JyXa. TakuUM TEIUIOBBIM MOTEHIMAJIOM OO0JaJal0T CTaHLIUU TIIyOOKOTO
3aJI0’KEHUS], CTAHIIMU NTEPECATKU C MAKCUMAJIbHBIM [TACCAKUPOIIOTOKOM, a TAK)KE CTAHIIUH, UMEIOIIINE
MPUJICTAIOIIMI  TPOTSHKEHHBIA MMOA3EMHBIN TEpexo. YTUIM3auus TEIIOThl BEHTUJISLIMOHHBIX
BBIOPOCOB TOHHENBHON BeHTHIISAIMH TTpu oMot THY Moxer obecrieunTs BO3AYIIHOE OTOILICHHE
Ha3eMHBIX 00OBEKTOB TOPTOBJIHM M OOILIECTBEHHOTO MHUTAHUS, PACIIOIOKEHHBIX B HETIOCPEACTBEHHON
OJM30CTH OT CTAHIUH.

B nocnenHue roapl BO3pOC MHTEPEC K NPUMEHEHHUIO B CHCTEMax KOHAMIIMOHUPOBAHUS U
OTOIUICHUS] BO3AYLIHBIX XOJOAUIbHBIX MamuH (BXM) U BO3QYyNIHBIX TEMJIOHACOCHBIX YCTaHOBOK
(BTHY), B ocHOBE paboThI KOTOPHIX JISXKHUT 00paTHBIN LMK bpaiitona. Panee o61acte npuMeHeHUs
BXM B 0CHOBHOM OrpaHu4MBajIach CHeIMaIbHBIMU CUCTEMaMHU KOHJIUIIMOHUPOBAHMS (B aBUAIUH,
B maxrax). J[OCTH)KEHHs COBPEMEHHOW TEXHHMKHM, a MMEHHO TOSBIEHHE BBICOKOA(P(PEKTUBHBIX
KOMIIPECCOPOB M JI€TaHAEPOB, MO3BOJIWIN IIO-HOBOMY IIOCTaBUTh BOIIPOC O II€JI€COO00PAa3HOCTH
WCTIOJIb30BaHMs TaKUX YCTAaHOBOK B CHCTEMax TEIUIOXJaJocHaOkeHHs. B cBsi3u ¢ 3TuM, 0colyio
aKTyaJIbHOCTb IPHOOPETAIOT pabOTHI [10 HA3eMHOMY UCTIOJIb30BAaHHIO aBUAIIMOHHBIX TYpOOIeTaHIEPOB
U TypOOKOMIPECCOpPOB, OTPaOOTABIIMX JIETHBI MOTOpPECYpC, B CHCTEMax TEIUIOXJIA0CHAOKEHUS
O00BEKTOB MPOMBIIIJICHHOTO U TPaXJAaHCKOro HaszHaueHWs. OO0JacThi0 NPUMEHEHHS TaKHX
«KOHBEPCHOHHBIX» BXM MOTYT OBITh CHCTEMbI BEHTUJISIIUH F OTOTUICHHS CTAHIIUH METPOTIOTUTCHOB.

[Mpumenerne BXM nisi KOMIUIEKCHOTO TEIUIOXJIAJ0CHA0KEHUS MOA3EMHBIX M HAA3EMHBIX
00BEKTOB METPO MOXET OBITh LIEIeCOO00pa3HO MO HECKOJIbKUM IMpHYMHAM. B mepByio ouepens
9TO HEOOXOIUMOCTh OXJIAXKIEHUS TOMEIIEHUH BO3AYyXOM TPH BBICOKOM a’3pOAMHAMHYECKOM
COINPOTHBIICHUH CUCTEMbl BEHTWIALMU MeTpononuTeHa. M3BectHo [5], dro 3¢ (eKTHBHOCTH
NPUMEHEHHS TapOKOMIIPECCHOHHOM MaIlWHBL, paboTamomeil B CHCTEME OXJIaXACHUS C
IIPOTUBOJABICHUEM CHM)KAETCA C YBEIMUYEHUEM adPOAMHAMMUYECKOTO CONPOTUBIIEHUSI CHUCTEMBI
6onee 1000 krc/m?. Kpome Toro, B 3TOM Cityyae HEOOXOIMMO OTBOAUTH BCIO TEILIOTY, SKBUBAJICHTHYIO

N¢04 (98) 2012 SHEPIOCBEPEXKEHVE  SHEPIETUKA ¢ SHEPTOAYAUT ]

41



42

SHepreTmnka

paboTe cxxkaTHsl BEHTHIISITOpPA B BOJSHOM TEIUIOOOMEHHUKE. B mpoTHUBHOM citydae 3Ta Teriora Oyner
JIOTIOJIHUTEIBHON HArpy3Koi Ha MapOKOMIIPECCHOHHYIO XOJOAMIbHYIO MallIuHy. Jpyrum ¢gaxtopom,
sBisgeTcs: coorBercTBUe BXM TpeOGoBaHMsIMHU B3pBIBO- M ToXapoOe3omacHocTu. B cucremax
BEHTWISLIMYA METPOIOIUTEHA IPUMEHEHHE XOJIOIMIbHBIX YCTAHOBOK, B KOTOPBIX paOOYHMM BEILIECTBOM
ABISIeTCS (PPEOH, JOMYCKAeTCsl TOJIbKO B HCKIIOYMTEIbHBIX CIy4yasX HOPU COOTBETCTBYIOLIEM
SKOHOMHUYECKOM oOocHOBaHuU. B cBoro ouepenb, BXM moryt obecreunTh MEpeMEHHBIH Pacxol
BO3/yXa, OBICTpPbII BBIXOJ Ha 3aJaHHBI TEMIEPATYpHBIA pexum, obnanaroT Oosiee MUPOKUM
JIMANla30HOM HM3MEHEHUs TeMIIepaTyphl, JaBICHUS M BIIAXKHOCTU IOJABaeMOro Bo3ayxa. Bozmgyx
371eCh SIBJISIETCS M XJIaJJar€HTOM U XJIaJIOHOCUTENEM U pabounM BeriecTBoM. Kpome Toro, mpu nmpounx
PaBHBIX YCIOBHSX KanuTajdbHas CTOMMOCcTh BXM meHsbIIe, 4eM y MapOKOMITPECCHOHHBIX YCTAHOBOK.
Bricokuit ypoBeHp myma BXM, KOTOpBIN SBISETCS OOHUM W3 CEPBE3HBIX NPEMATCTBHU IS HUX
NPUMEHEHUs Ha TPaKJAaHCKUX U aJAMHHHUCTPATUBHBIX OOBEKTaX B IKCIUTYTAIlMOHHBIX YCIOBUSX
METPONOJIUTEHA HUBEIMPYETCSA. EIMHCTBEHHO BO3MOXXKHBIM HEraTMBHBIM MOMEHTOM, KOTOPBIN
MOeT crnepxkuBarh BHeapeHrne BXM u BTHY B cucremsl TemmoxianocHaOKeHUsT METPOTIOIUTEHA,
ABJIIETCS] CPABHUTEIIBHO BBICOKHMI YAEIBHBIN PAaCcXOJ IEKTPOIHEPTHH Ha NMPOU3BOACTBO TEIUIOTHI U
xonona. Parronanbubiil BeIOOp yenosuit skcrutyatanuu BXM u BTHY u ontumuzanus napamMeTpos
TEPMOJIMHAMUYECKOTO LIMKJIA MO3BOJIUT OOECIEYUTh COMOCTaBUMBIA YPOBEHb 3aTpaT SHEPTUH 10
CpPaBHEHUIO C mapokoMipeccuoHHbiMu THY.

W3BectHO, 4TO o0OpaTHbI Ta30BbIi 1uKI bpaiiToHa, uMess OTHOCUTENIBHO HU3KYIO
3¢ PeKTUBHOCTh B TOXKE BpeMs, OH oOJamaeT Oojee IMMPOKUM [HUANA30HOM IS ONTHMM3AIUU
apaMeTpoB I10 CPABHEHUIO C TAPOKOMIIPECCUOHHBIM HUKIIOM. [Tpy onpeienieHHbIX yClIoBUsAX paOOoThI
BXM wumeer MecTo MakCUMyM XOJOAWJIBHOTO Kod(dduuuenta u xkordpdunueHta npeodpa3oBaHus,
COOTBETCTBYIOLUI MUHMMAJIbHOMY MOTPEOICHUIO SHEPruu. B 3TOM CBS3M NpaKTHUYECKU HHTEpEC
MPEACTABIIAECT 3aJada ONTHUMHU3AlMK MapaMeTpoB TepmoauHamuyeckoro mukia BXM u BTHYV.
OrpanuueHus 37€Chb HaKJIaJbIBAIOTCS TPEOOBAaHUSIMHU K IapaMeTpaM BEHTHJIALIMOHHOIO BO3/yXa,
BO3MOYKHOCTSIMH TE€XHOJOIMUECKOTO OOOpYIOBaHUS CUCTEM BEHTWIALMU (YpPOBHEM JaBIICHUN), a
takke 3HaueHussMu KI1 /1 komnpeccopoB u neraniepoB. Takum 00pazom, X010 1uIbHbIN KO3 GULHEHT
1 K03 puimeHT nmpeoOpa3oBaHUs BRICTYIIAET B KAYECTBE 11eJIeBOM (DYHKIIMH B 33/1a4€ ONITUMU3AIUN
BXM u BTHY.

OcHoBHas yacTh

Hean padorsl. Ha ocHOBe aHanm3a TPagUIIMOHHBIX CXEM TEIJIOCHAOKEHWS W BEHTUJISLIUU
CTaHIMI METPOIIOJINTEHA, CTAHAAPTHONW CTPYKTYPhl UX TEXHOJIOTUYECKOTO 00OpY/IOBaHUS, a TaKKe
napaMeTpoB U 00bEMOB TEIUIOBBIX BBIOPOCOB MPEIOKUTH HOBOE CXEMHOE PELIEHUE ISl CUCTEMBI
terocHaoxkenus [ICM ¢ ucnonszoBanuem BTHY. I1poBecTn ontuMuzaiuio napameTpoB oOpaTHOTO
11KJ1a bpaliToHa ¢ y4eTOM OIpaHUYEHUN CBA3aHHBIX C TEMIIEPATYPHBIMH U BJIAXKHOCTHBIMH PEXKUMaMHU
OCHOBHOW TOHHEJIbHON BEHTHISILIUU CTAHIIUNA METPOIOIUTEHA.

C uenbto BeIOOpa cXeMbl JJI KPYIIOTOAMYHOTO KOHIMLMOHMpoBaHMs Bo3zayxa [ICM namu
IIPOBEJICH aHAJIN3 TEXHOJIOrM4ecKuX cxeM BXM kak ¢ OHOCTyneH4arsIM, TaK U ¢ IByXCTyIEHYaThIM
CKaTHeM, a TAKXKe C OTKPBITBIM M 3aMKHYTBIM LIMKJIOM. B yCIIOBHAX 3KCIUlyaTallud pEeBEPCUBHOMN
CUCTEMBI BEHTUJISILIUM CTAHLIMM METPO LIEJIECO00pa3HO MPUMEHEHHE OAHOCTYIIEHYATON Pa30MKHYTOM
CXEMBI C OTKPBITHIM IHUKJIOM (pHC. 1).

Peanuzanus stoit cxempl BXM Ham mpencraBisieTcst ciaeayrommMm oOpasoM. B netHem
pexume paborsi BXM BO3nyX U3 MOMEIIEHUsI pacUIupsieTcsl B JETaHAEpPE, Jajiee TOJ0TrpeBaeTCs
JI0 OIpEeNEJIeHHON TeMIEpaTypbl B PEKYNEpaTUBHOM TEIUIOOOMEHHUKE, IMOCJIE YEero MOCTYIAeT
Ha C)KaThe B KOMIIPECCOP U 3aTeM cOpachblBaeTCsi B TOHHEIb, OTKYAA YAAJIAETCS MO NEPErOHHBIM
mraxraM. ATMoc(hepHbIil BO3AyX Yepe3 CTAaHIIMOHHYIO BEHTHJISAIHIO IMOCTYNAeT B PEKyNepaTUBHBIN
TETNIOOOMEHHUK, TIIe OXJIKIAeTCs 0 HEOOXOIMMOW TemIepaTrypsl OOpaTHBIM TOTOKOM BO3IyXa
II0CJIE JIeTaHjIepa.

B 3umHem pexxume padotsl BXM BBHITS)KHON BO3IyX yAalseTcs U3 MOMEIIEHNN, OXJIaXAaeTcs
B PEKyINepaTuBHOM TeIJIOOOMEHHHKE M cOpacbiBaeTcss B arMocdepy. HapyxHbIil BO3IyX Mpoias
yepe3 CUCTEMY BEHTWISIUU TOHHENS IOCTYIAeT B JETaHJEpP, IZI€ PACIIMPUBIIUCH 10 JABICHUS
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HUKE aTMoc(epHOro mMofaeTcs Ha IMOJOTPEB B PEKyNepaTWBHBIN TeriooOMeHHUK. [lomorpersiii
BO3yX IOCJE TEIIOOOMEHHHKA CKMMAETCs KOMIIPECCOPOM JI0 JIaBJICHHUS B KOHIUIMOHHUPYEMOM
nomenieHuu. Crenyer OTMETHTh, YTO BO3AYyX MoJaBaeMblid JJIsi 000rpeBa B IOMEIIEHHE MOXKET
OBITh 3arpsi3HEH CMa30YHBIM MAaclioM KOMIIpeccopa. 3arpsi3HeHHE BO3JlyXa MOXXHO MPEAyINpeauTh
YCTaHOBKOHM (pMIIBTpA HA HAarHETAHUU.

Lo g ¥ s
l t, CB T ¢ CB

| [ == T8 [ =R

(G111 Ccla

a )
Puc. 1. [IpuHIMOIHATBHBIE CXEMBI JIETHETO PEKUMA KOHJAUIIMOHUPOBaHUs (a) U 3UMHETO
peKHMa BO3IYNIIHOTO oToricHus (0) MoMeIeH I CTaHIMK MeTPO Ha 6aze BXM:
TB- tonnenbHas BeHTwsius; J— neranaep; TO- termiooOMeHHUK; B —BeHTHIIATOD;
KM - kommnpeccop; CB — crannmonnas Bentusisinus; CI1 —ciryxeb6Hoe nmomMenieHue;
t,s— TEMIepaTypa Hapy>KHOTO BO31lyXa; ls,,,— TEMIIEpaTypa yIalisieMoro BO31yxa,

Ha puc. 2 a MNpEACTaBJICHA NPUHIOUIIMAJIbHAA CXCMa YTWIM3AllUW TCIIOTBI TOHHCJIIBHOI'O
Bo3nyxa mpu nomomm BTHY. Cxema peanusyercs cienyromum obOpazom. BTHY paGoraer mo
3aMKHYTOMY 0OpaTHOMY UKy bpaifToHa.

CII

a 0
Puc. 2. IlpuHIMTIHATBHBIE CXEMBI YTHIIM3AIMHA TEIUIOTHI TOHHEILHOTO BO3TyXa
npu nomoinu BTHY (a) u norpesa ToHHenpHOTO Bo3yxa mnpu nomoruu BTHY
JUTSL OTOIICHHS Ha3eMHbIX nomMerienuit (60): BO — Bo3ayxooxmaauress; KM — kommnpeccop;
J— netannep; IITO — nnacTuHYATHIN TETIO0OOMEHHUK «Bo3ayX-Boga»; CII — cmyxeOHbIe
nomenrenus; HI1 — HazeMHbIEC TOMEIIEHYS
twi— Temneparypa Boasl Ha Bxoze B I1TO; ty,— TemnepaTtypa Boael Ha Beixoze u3 [ITO

B BepxHel yacTu TOHHENS pa3MeELacTCs BO3LyX00XJIaqUTENb, Y€Pe3 KOTOPLIM IIPU IIOMOIIU
OCEBBIX BEHTWJISITOPOB MIPOKAYUBAETCS BO3/yX, HAXOAALIUICS B TOHHENE. CKaThlil B KOMIIpeccope
BO3/yX IMOCTYNaeT B IUIACTUHYATBIA TEIUIOOOMEHHMK, B KOTOPOM OTBOJMTCS TeIJIOTa LHMKJIA
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teroHocuteno  (Boxe). Ilomorperas B TEIUIOOOMEHHHMKE BOJa IMOJAETCS HA ropsuee
BOJIOCHA0KEHHUE CITYKEOHBIX U OBITOBBIX MOMEIICHUI PACION0KEHHBIX MO/ MI1aTGOPMOil CTaHIINY,
a TaKkKe Ha BO3YIIHO-TEIUIOBBIC 3aBechl. [locie TermiooOMeHHHKa pabouee BemiecTBO (BO3IyX)
[IOCTYNAaeT B JAETaHAep, [Ae PaclIMPHUBUIMNCh 10 HHKHETO JAaBJIEHUS B IMKJIE IOCTyNaeT B
BO3/1yXO0XJIaIUTEIb.

Ha Ttemmneparypy BEHTWISILIMOHHOIO BO3[yXa OTHOCHUTEIIBHO MAaJIO€ BJIUSHUE OKA3bIBACT
TeMIIepaTypa Hapy>KHOTo Bo3ayxa. OHa 3aBHCHUT B NEPBYIO OYepeb OT peXHMa JKCIUTyaTallluH
CHCTEM BCHTWISALMU CTaHIMi (peBepCHUBHBIN, HepeBepcHBHBIN). 1o manHeIM pabor [4, 6] mis
ctaHuuii KueBckoro wmetpononureHa TeMmmeparypa BO3IyXa B TOHHENIE B TEUYEHHE BCEro
orormuTenbHOro nepuona cocraviusier 11,4-20,9 °C. CrnemyeT OTMETHTH, YTO 3TH TEMIIEpaTypbl
HE3HAUYUTEJbHO OTJIMYAIOTCA OT AHAJIOTMYHBIX JAHHBIX JJII METPOIOJUTEHOB APYIMX TOpPOAOB.
HuxHsas rpaHuna TemmepaTyp COOTBETCTBYET CTAaHLUSAM MEJIKOTo 3ajoxkeHus. 30biTouHas
TEIIOTa, KOTopas MOXeT ObITh yTuiausupoBana B BTHY ¢ yueTom orpanuveHus mo J0ImyCTUMOM
TEMIIEpaType OXJaXJIEHHUs BO3AyXa B TOHHEJE, 10 MPEABApPUTEIbHBIM pacueTaM COCTaBUJIA
60+100 kBt. Bennuumna Qp paccuMTaHa ¢ HMCIOJb30BaAaHUEM pPEKOMEHAAIMi paboTel [4] mpu
MHHAMAJILHOM 3HaYeHUH pacxoja Bozmyxa 50 kr/c, He0OXOIUMOTO Il BEHTHIUPOBAHUS yYacTKa
TOHHEJS B (heBpajie MecsIle.

Ha puc. 2 6 npusenena cxema BTHY ¢ gorpeBoM TOHHEIBHOrO BO3IyXa W MOJavei ero Ha
000TrpeB HAa3eMHBIX TOPTOBBIX IMOMEIIEHUH HAXOIAMIMXCS BONM3M CTaHIUH MeTpo. Cxema Takke
peanu3yeT 3aMKHYTbId LMKI bpaliToHa, OAHAaKO B KAauyeCTBE HCTOYHMKA HU3KOIOTEHLHAJIbHOMN
TEIUVIOTHl CIY’)KUT HE TOHHEJBbHBIM, a HapyXHbIH BO31yX. OYEeBUAHO, YTO Ui JTAHHOM CXEMBI
TEeMIIepaTypHbIE T'PAaHUIBI IUKIa OyIyT HAMOONBIIUMHU CpPEAM MPEICTABICHHBIX BBIIIE cXxeM. B
CBSI3U C 3TUM, 3()()EKTUBHOCTH €€ NPUMEHEHUS BO MHOTOM 3aBHCHUT BBIOOPA ONTHMAIIbHBIX
napameTpoB LUKIIA (CTETIEHH CKATHsI, TEMIIEpATyp Ha BXOJIE B KOMIIPECCOP U JETAHAEP . T. 1).

DddextuBHOCTE paboTHl JIFOOOTO TepMoTpaHpOpMaTOpa OINPEACTSeTCS HE TOJIBKO
CIOCOOHOCTBIO 00ECTIeYUTh JOCTATOYHO BBICOKHMM KOA(PPUIIMEHT MpeoOpa3oBaHUsl SHEPTUU, HO U
YCTOMYMBOCTHIO (MaJIOil YyBCTBHUTEIBHOCTBIO) 3TOr0 KOA(GQHIMEHTAa K BIUSHHUIO BHEIIHCH U
BHYTpPEHHEH HEOOpaTUMOCTH B IUKIE, W3MEHEHHUIO TeMIepaTyp MOJBOJa M OTBOJA TEIUIOTH,
n3menennto KIIJ[ typbomammu. UyBCTBUTENBHOCTh ApaMETPOB LUKJIA K BIMSHHUIO BHYTpPEHHEH
HeoOpaTUMOCTH HaKJIa/JbIBAET OINpeAeNieHHbIe OrpAaHUYEHUS Ha HCIIOJIIb30BAHHE TOTO WM HHOTO
THIa Komupeccopos. Hampumep, B pereneparuBsHoM mukie BXM 1pu npounx paBHBIX YCIOBUSAX
1enecoo0pa3Ho UCIOJIb30BATh LIEHTPOOEKHbBIE KOMIIPECCOPa C HU3KOM CTENEHBIO CHKATHUS.

Ha puc. 3-4 mnpuBeneHsl 3aBUCUMOCTH [uid KodduuueHnta mnpeodpasoanus COP
MOJTy4E€HHBIE JUIsl IIMPOKOro JHarna3oHa W3MEHEHHs TEeMIEepaTyp HCTOYHUKA TEIUIOTHl |upy U
MOTPEOUTENS TETUIOTHI T pyorp.

COP

CoP o7 f i
0,75 0,66 + _
0,65 062 |
0,6 0,58 - -
0,55
05 054 1

250 \\./ 05 - 4

253 283 323 363 5 20
THnT THOTD s

Puc. 3. U3menenne koapduunenta npeodpasopanuss COP B 3aBUCUMOCTH OT Ty
TEMIEPaTypbl UCTOYHUKA TETIOTHL U T o, TEMIIEPATYPBI IOTPEOUTENS TEILIOTHI.
Xapakrep BnusiHus pakropoB Ha COP npu 3a1aHHBIX
N = 0,85 Mer = 0,8; N =0,85; Muer =0,85; My = 0,87
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A

253 283 323 363 5,0 20,0
THHT T]‘[()Tp T
Puc. 4. Usmenenne koadduuuenta npeodpazosanusi COP B 3aBUCUMOCTH OT Ty
TEMIIEPATyPbl UCTOUYHHUKA TEIIOTHI U | orp TEMIIEPATYPBI IOTPEOUTENS TEIIOTHI. XapaKTep
BiustHUA (akTopoB Ha COP mpu 3a1aHHBIX
N = 0,95; Muer = 0,95; Nt = 0,98; Nper - =0,98; 1, = 0,98

Pacuer mukia mpoBeeH ¢ ydeToM pekomeHmanui pador [7-9]. OOpabGorka w aHanmm3
pe3yabTAaTOB pacueTa MPOBOAWIMCH C HCMOJb30BaHWeM TnporpammHoro mnakera STATGRAF
peaM3yIOIIero METO/ TNIAaHUPOBaHUS YKCIiepruMenTa bokca-Yuicona.

Kak MoxHO BHIeTs U3 puc. 3 U 4 Ui AUana3oHa MU3MEHEHHs] TeMIepaTyp TOHHEJIbHOTO
Bo3ayxa BenuunHa COP mensiercss HezHauutenbHo. [Ipu HM3KUX 3HAYeHUAX Tunr = 260 + 270 K,
XapakTepHBIX ISl Temmeparyp atmocdepHoro Bo3ayxa B 3uMHHE mnepuon COP uzmensercs
6onbire. YyscrButenbHocTs COP k m3MeHeHUIO Tuyr U Trhorp YBEIMUYMBAETCS NPU YMEHBILIECHUU
KII kommpeccopa Mgy U JAETAHAECPA Nyer- 1IPU BBICOKMX 3HAYEHUSX Ty U Mjer BIMSHUE CTENECHU
C)KaTHA B LUKJIE T HEOJHO3HAUHO.

Ipu ©= 8; Tunr = 260 K; Thorp = 323 K; Miew =0,75; Nyer = 0,75 yBenmueHne MeXaHUUECKOr O
KIIJT kommpeccopa Ny ot 0,85 no 0,99 mpusesno k nossimenuto COP wa 16 % . Ilpu npounx
paBHBIX YCIIOBUAX yBenuueHue Mexanndeckoro KIT[[ geranmepa Nyer . ot 0,82 mo 0.99 npuseno
noBwimeHuo COP Ha 3,8 %. Bimsaue KI1/] anexrpornpuBona 1,, Ha COP He cymiecTBeHHO.

Ha puc. 5 npuenena noBepxHocTs otkiuka Ay COP Ha u3MeHeHue CTEeNneHH MOBBIIICHHUS
JIaBJICHUSI G W CTENICHU C)KaTHsl B ukie ©. Bemuunna ¢ = T5/T3, rae T3 — Temmeparypa Ha BXOJIE B
neTaHnuep, 11 — TeMmieparypa Ha BXoie B Kommpeccop. M3 cBs3u mapamMeTpoB B XapaKTEpPHBIX
toukax 1nukiaa BTHY crnenyer, uto hopManbHO G MOXKET 3a71aBaThCS MPOU3BOJILHO, MTOCKOIBKY HE
CBSI3aHO C BEIIMIYUHAMH Ty, Nyer U 7T

COP
1,75

1,55
1,35

1,15

0,95

1.2 15 4 20
TalT, o

Puc. 5. amenenne ko3 dunmenta npeodpazoanust COP B 3aBUcHMOCTH
ot T3/T1 u . Xapakrep BiusiHus paxtopoB Ha COP npu 3aaHHbIX
N =0,95; Nyer = 0,95; Noy™™ = 0,98; My = 0,98; My = 0,98
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Perpeccuonnoe ypaBaenue aisgs COP B 3aBUCMMOCTH OT G U T MMEET CJIETYIOLIUN BUL!

COP =1.56761+3.69278-c —0.255188 - 1 — 3.27407 - 6° + 1)
+0.267083- ¢ - —0.00343229 - -

VpasHenue (1) cipaBeyIHBO A1 AUANIa30HA U3MEHEHHS G U T yKa3aHHOTO Ha puc. 5.
HJ'ISI OTBICKAHHSI ONTHMAJILBHOM CTCIICHH CXKATHS Tlonr OTPAHUYCHUEM IIPpU BApbHUPOBAHUN G
SABJISICTCS YCIOBUE (0_1)/(75% _1) <1, obecneunBaromee nonoxutenbHoe 3HaueHue COP. Ilpu

k-1
k
3aJJAHHBIX Mgy U Mger HEOOXOIMMO COOJIOACHUE CIEIYIOMIETO YCIOBHA

G<l+n , rne k-

n KM

[oKasaTelb aJuadaThl.
Ha puc. 6 mpuBeneHa 3aBUCUMOCTh ONTUMATBHON CTEMEHU CKATHS B IUKIE Tony OT Tynr U
Thorp- COOTBETCTBYIONIEE PETPECCHOHHOE yPAaBHEHUE UMEET CIIEAYIOIINI BH]I:

Mo = -313505-0.644815T, +0.749167T,,,, +0.0029629672, +

HIIT l (2)
+0.003333387,, - T’y +0.00041666 777

HoTp

VpaBHEHUE crpaBeIUBO AJ JUana3oHa U3MeHEeHUs 1y, = 250-290 K 1 T'yorp =323-363 K.

TCOI'IT

370

280 200 320

Puc. 6. Tonr = f(Tumm, Trorp) TPH 32JAHHBIX
N =0,95; Myer = 0,95; Neo™ =0,98; 1" =0,98; m,, = 0,98
Bmustane Mgy ¥ Mger Ha COP moxkaszano Ha puc. 7. Kak MOXXHO BHAETh BEIMYMHA |
3HAYUTENbHO 00Jee CYIIECTBEHHO 3aBUCHUT OT Myger- AHAIN3 BIUSHUS Mgy U Mger HA COP mpu

u3MeHeHuu Ty, B nuamaszoHe oT 250 mo 290 K moxkasan, 9To ¢ moHMKEHUEM 7y, BIUSHUE Ty U
Nzer HA COP TOJIBKO yCHIMBAETCH.

a

T]KM

Puc. 7. U3smenenne COP B 3aBUCUMOCTH OT My U Mger IPH 33/1aHHBIX
a— Tum = 263 K 11 Trorp = 363 K Mo+ =0,98; Nyer - =0,98; M5, = 0,98;
0 — Ty = 290 K 11 Trionp = 363 K; Mo+ =0,98; Myer - =0,98; 1, = 0,98
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CornacHo naHHBIM paboThl [6] TerutoBast SHEPrHsl, KOTOpas MOXKET ObITh yTUIM3HpPOBAaHA
THY B 3uMHHI mepuoj Ha OJHOW BEHTHIAIMOHHOW IIaXT€ CTAHIMU TIyOOKOTO 3aJI0KEHUS
cocraBisger 387 kBt. Mcxons u3 3Toi BeIMYMHBI HAMU MPOBEJCH PACUCTHBIM aHAIN3 PACXOAHBIX
xapaktepuctuk BTHY B auama3one m3meHeHwus Terutonpou3BoauteabHoctd Q, = 100-400 xBr.
Ha puc. 8 mnpuBeneHa 3aBHCHMOCTh OOBEMHOW MNPOM3BOIUTENBHOCTH Kommpeccopa Vi OT
00BEMHONM  MPOU3BOAMUTEIBHOCTH  JeTaHnepa V. IlomydeHHble 3aBUCHMOCTH  ClIEyeT
UCIOJIb30BaTh B MPEANPOSKTHOM aHaju3e MpH BbIOOpe KoMrpeccopa u aetanaepa BXM u BTHY
JUTSL CXEM, TIPEJICTaBICHHBIX Ha PUC. 2.

o )%

125 /

'1 /42 / ~,
P

05/

0.1 0.2 0.3 0.4 0.5
V}ZleT , M3/C

Puc. 8. ConocraBnenne Vi, u Ve B muana3one uamenenus Q, = 100-400 kBr.
1. Pacuernslii pexxuM Ty = 260 K Torp = 323 K;
2. PacuetHslit pexuM Ty = 253 K Tporp = 363 K.

B kauectBe ocHOBHOro Komuektyrouiero obopynoBanus BTHY u BXM nns ykazanHoro
muamazoHa  Qp  MOryT  paccMaTpuBaThCS  CIEAYIONIME  Mapku — TypOOIeTaHIepoB U
typbokommpeccopos: JIT-5/20, NT-6/20 (ITK® «Kpuomnpom», r. Onmecca); TB-42-1,4, TB-50-1,6
(OO0 «HukonaeBckoe MpeAnpusiTHE «DHEProMar»).

[Ipusenennsie cxemusle pemeHust BTHY u BXM Moryt ObITh peann3oBaHbl Kak B IPOEKTaxX
HOBBIX CTaHUMHA METPO, TAK M IPU PEKOHCTPYKLUHUH CHUCTEM OTOIUIEHMS W BEHTWIALHUH
CYLIECTBYIOIIMX CTaHIMH. OTONUTENbHO-BEHTUSILIMOHHOE O0OpYJOBaHUE CTAaHUUH MEeTpo
OoCTpOeHHBIX OKoio 35-40 yer Hazam w Oojiee HAXOAWTCS TPAKTHUYSCKH HA TPAHU ITOJIHOTO
cpabatbiBaHUs cBoero pecypca. B aroii cBss3u, BHenpenne BTHY nu BXM ocolGeHHO akTyanbHO,
MIOCKOJIbKY TIO3BOJUT 0€3 CYIIECTBEHHONM PEKOHCTPYKLHMU MPUHATOM CHUCTEMBbl BEHTHJIALUU
o0ecrneynTbh OAHOBPEMEHHOE BEHTHJIMPOBAHME W BO3YLIHOE OTOIMJICHHE MOMEUICHWH B 3UMHUMN
nepuoa. Kpome Toro, B KOMIIJIEKCE MOXKET ObITh PEILLIEH BOIPOC KOHAUIIMOHUPOBAHUS BO3AyXa JJIs
TeX MOMEIIEHUI MeTpo, A KOTOPBIX KOHAULMOHUPOBAHHE HEOOXOAMMO O pealbHbIM YCIOBUAM
UX KCIUTyaTallly, OJHAKO B KOTOPBIX OHO B CWJIy PAa3HBIX IPUYMH HE IIPEyCMOTPEHO 10 IIPOEKTY.

PacyeTHble uccienoBaHMs MOKa3ald BO3MOYKHOCTh JOCTHIKEHUS MPAKTUYECKU IPUEMIIEMBIX
sHaueHusi COP BTHY opnako, mnpu ycloOBHUM ONTUMHU3ALMU CTENEHU CXKaTUs B
TEPMOJUHAMMYECKOM LHKJIE. [lomydeHHBIE pErpecCHOHHBIE ypaBHEHHUS IO3BOJSAIOT HA CTaJHU
npoekTupoBaHus TexHojorndeckux cxem BXM u BTHY omnpenensts HanOolsiee palyioHaldbHbIE
pPEKMMHBIE I1apaMETPbl YCTAHOBKM B YCIIOBUSAX OTPaHUYEHUN CBS3aHHBIX C TEMIIEpaTypaMu
WCTOYHMKA U TIPUEMHHUKA TETUIOTH, a Takke 3HaueHni KI1/] cymecTByronmx TypOoMaminH.
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TO A QUESTION OF APPLICATION OF REVERSED BRAYTON CYCLE FOR
UNDERGROUND STATIONS HEAT AND COLD SUPPLY SYSTEMS
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D. KH. KHARLAMPIDI, Cand. Tech. Scie.
V. A. TARASOVA, Cand. Tech. Scie.

The problems of realization of a scheme design for underground stations heat and cold supply
systems on the based of air-compression heat pumps and refrigeration units has been considered. The
optimization of reversed Brayton cycle parameters with taking to account the limitations on the tun-
nel ventilation station temperature has been performed.
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